Abstract. An improved model of the screening effect is suggested. Mutual shielding of chromophores from light due to competition for the incident photon can take place in molecular aggregates and macromolecules. From a common point of view, it could be interpreted as in interaction of the absorption dipol moment transitions. Screening leads to a decrease in the extinction coefficient. The largest decrease is observed in the maximum of the absorption band. This is demonstrated with chromophores of adenine, tyrosine, tryptophan, retinol, porphyrin and anthracene. The model enables prediction of hypochromic spectra or evaluation of the quantity of chromophores in an aggregate or macromolecule.
Introduction
Hypochromism (the decrease in the extinction coefficient in the absence of strong molecular interactions) is observed in a wide diversity of systems: in dye aggregates, microcrystals, polymers, proteins, nucleic acids, chloroplasts, etc. [1] [2] [3] [4] . Experimentally, the hypochromism value (h) at a given wavelength can be found by the equation:
where ε is the extinction coefficient for a solution of single chromophores, and ε ∧ is the average extinction coefficient to account per one chromosphore of an aggregate or macromolecule. Various theoretical explanations of the hypochromic effect can be found in the literature [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] .
The accepted theory considers hypochromism as a result of weak dipole-dipole interactions modified by the light wave [1, 5] . This theory was criticized in [6, 7] and modified and new models [6] [7] [8] [9] [10] [11] were suggested. One of them interpreted hypochromism as a result of changes in the complex refractive index [8, 9, 18] . Refractive index consist of two components: the natural component and imaginary one. The imaginary part relates to absorption [18] . The models demonstrate the importance not only of the refractive index but also of the local light field [13] and of the dispersion of the effective field of the light wave [18] .
Most of these models, excepting [18] , operate with oscillator forces and do not permit description of the form of the hypochromic spectrum. Hypochromism was not adequately described in the framework of the mentioned approaches. Researchers have had to use the qualitative expressions and to enter correction coefficients to reconcile the theory and experiment, see [19] for example.
Other models viewed hypochromism in the context of light scattering [12, 13] , for example in the frameworks of Mie theory [12] . However, their physical sense is not entirely clear, because the imaginary part of the complex refractive index is used. The Mie theory has a phenomenological character. Moreover, the amplitude of the electrical field of light wave was identified with intensity of light flux [13], which is not correct. These models are a rough approximation, because when expanding interactions in series, only the first members are considered.
And finally, other models considered hypochromism from absorption statistics for nonhomogeneous media [4, [14] [15] [16] . Some of them assume 'sifting' of light fluxes between particles (the 'sieve effect') [4, 15, 16] or emphasized multiple light scattering by particles with special distributional absorbance statistics [14] . These models operate with absorbance instead of an extinction coefficient. They are suitable for suspensions of optically dense particles of size greater than the wavelength. They are hardly suitable for small molecular aggregates or single macromolecules.
Previously, I proposed a screening model of hypochromism [17] . The hypochromic cross section for identical dipoles was calculated from probabilities of absorption in a stack. The screening model states that a mutual shielding of chromophores from light can arise in a molecular stack. Screening is not geometrical shielding ; it is electro-optical shielding due to competition between chromophores for the photon inside a stack. This leads to a reduction in the extinction coefficient. From a common point of view, it could be interpreted as an interaction of the absorption dipol moment transitions. The improved screening model is described below, and its application to a number of biologically important chromophores in aggregates and macromolecules is considered. The model operates directly with a molecular parameter -the extinction coefficient. The model allows to calculate the hypochromic absorption spectra from the extinction coefficients of stack-like chromophore structures directly, without using the imaginary part of complex refractive index.
Theory
The probability of absorption. The probability of absorption of a photon by a molecule can be presented as [1, 2]
where X is the area of a molecule, δ is the absorption cross section (at a given wavelength), i.e. 'the area that is nonpermeable for the photon' [2]. δ does not exceed X [2]. δ(Å
